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Description 

FLYWHEEL WITH TORSIONAL 
DAMPENING RING 

Background of Invention 

[0001] The present invention relates generally to internal com- 
bustion engines and, more particularly, to a flywheel for 
use therewith. 

[0002] | n both two-cycle and four-cycle engines, a flywheel at- 
tached to an end of the crankshaft equalizes operation of 
the engine between combustion and compression strokes. 
The momentum absorbed by the flywheel during the com- 
bustion stroke is expended during subsequent strokes. 
Such an orientation smoothes out engine speed and 
maintains crankshaft momentum between power strokes. 

[0003] The crankshaft of the engine undergoes torsional loading 
by both the connecting rods and the flywheel. As the con- 
necting rod of the piston exerts force on the respective 
throw of the crankshaft, the mass of the flywheel tends to 
resist such a rotation. After the combustion stroke, the 



flywheel exerts a rotational moment on the crankshaft in 
order to facilitate the compression of the combustion 
gases in the cylinder. If the operating frequency of the en- 
gine matches a natural resonant frequency of the 
crankshaft, violent vibration can occur. 
[0004] | t would therefore be desirable to have a system and 

method capable of dampening the torsional resonance of 

an internal combustion engine. 
Brief Description of Invention 

[0005] The present invention is directed to a flywheel assembly 
that solves the aforementioned problems. The present in- 
vention provides an assembly for a flywheel having a cen- 
ter hub with a ring positioned thereabout. An elastomer 
isolation member is disposed between the center hub and 
the ring and is constructed to absorb torsional resonance 
generated by an engine attached thereto. The ring and the 
elastomer isolation member have a natural resonance that 
counteracts the natural resonance of the engine. 

[0006] Therefore, in accordance with one aspect of the present 
invention, a flywheel assembly is provided that includes a 
hub having an inner and an outer diameter. A first ring is 
attached to the hub about the outer diameter with a sec- 
ond ring disposed therebetween. The second ring is 



formed of a material different from that of the first ring. 
Such a construction allows for the independent vibration 
of the first ring relative to the hub. 

[0007] | n accordance with another aspect of the present inven- 
tion, a flywheel assembly is provided that includes a fly- 
wheel having an outer surface, a ring having an inner sur- 
face, and an elastomer ring. The elastomer ring has a first 
side attached to the flywheel and a second side attached 
to the ring, thereby separating the ring from the flywheel. 
This construction allows the ring to resonate at a fre- 
quency that counteracts a natural frequency of the fly- 
wheel and an engine attached thereto. 

[0008] | n accordance with a further aspect of the present inven- 
tion, a flywheel assembly is provided that includes a ring 
having an inner diameter and a flywheel having an outer 
diameter wherein the outer diameter of the flywheel is 
constructed to pass through the ring. A flexible mem- 
brane is disposed between the ring and the flywheel and 
constructed to prevent contact therebetween. This con- 
struction allows the ring and flexible membrane to coun- 
teract a frequency of vibration of the flywheel and an en- 
gine attached thereto. 

[0009] in accordance with yet another aspect of the present in- 



vention, a method of offsetting natural resonance in an 
internal combustion engine is provided that includes the 
steps of determining a natural resonance of an internal 
combustion engine, designing a flywheel component with 
a natural resonance to offset the natural resonance of the 
internal combustion engine, and assembling the flywheel 
component to the internal combustion engine. 
[0010] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0011] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0012] | n the drawings: 

[0013] Fig. 1 is a perspective view of an exemplary outboard mo- 
tor incorporating the present invention. 
[0014] pig. 2 is a perspective view of the flywheel of Fig. 1. 

[0015] Fig. 3 is a cross-sectional view of a portion of the flywheel 

of Fig. 2. 
Detailed Description 

[0016] The present invention relates generally to internal com- 
bustion engines, and preferably, to two-cycle gasoline- 



type engines. 

[0017] pig. 1 shows an outboard motor 10 having one such en- 
gine 12 controlled by an electronic control unit (ECU) 14 
under engine cover 16. Engine 12 is housed generally in a 
powerhead 18 and is supported on a mid-section 20 con- 
figured for mounting on a transom 22 of a boat 24 in a 
known conventional manner. Engine 12 is coupled to 
transmit power to a propeller 26 to develop thrust and 
propel boat 24 in a desired direction. A lower unit 30 in- 
cludes a gear case 32 having a bullet or torpedo section 
34 formed therein and housing a propeller shaft 36 that 
extends rearwardly therefrom. Propeller 26 is driven by 
propeller shaft 36 and includes a number of fins 38 ex- 
tending outwardly from a central hub 40 through which 
exhaust gas from engine 12 is discharged via mid-section 
20. A skeg 42 depends vertically downwardly from tor- 
pedo section 34 to protect propeller fins 38 and encour- 
age the efficient flow of outboard motor 10 through wa- 
ter. 

[0018] At an upper end 50 of powerhead 18, between engine 12 
and cover 16, a flywheel assembly 52 is attached to en- 
gine 12. Flywheel assembly 52 is attached to a crankshaft 
(not shown) of engine 12 and provides engine 12 with an 



equalizing momentum to assist transition from one com- 
bustion cycle to the next. Additionally, flywheel assembly 
52, by having a sufficient mass, smoothes the operation 
of engine 12. That is, during the combustion stroke of any 
particular piston of engine 12, a portion of the energy 
generated is used to rotate the flywheel assembly 52. Af- 
ter the combustion stroke of the particular piston, fly- 
wheel assembly 52 continues to rotate, and due to its 
mass, expends momentum previously absorbed and ex- 
erts a rotational force on the crankshaft in the same di- 
rection of rotation generated by the combustion. As such, 
flywheel assembly 52, to some degree, can control vibra- 
tion and the speed of acceleration and deceleration of the 
crankshaft, thereby having an effect on the overall engine 
operation. 

[0019] Flywheel assembly 52 is generally disc shaped, as shown 
in Fig. 2, and includes a flywheel 54 having an upper sur- 
face 56 and a lower surface 58. Flywheel 54 of the present 
invention includes an outer diameter 60 that extends be- 
tween the upper and lower surfaces 56, 58 with a ridge 62 
formed thereon. An opening 64 passes through a center 
66 of flywheel 54 along an axis 68 thereof. Center 66 of 
flywheel 54 is constructed to attach to a crankshaft of an 



engine such that flywheel 54 rotates therewith when at- 
tached thereto. 

[0020] a ring 70 extends about the outer diameter 60 of flywheel 
54 between ridge 62 and upper surface 56. An elastomer 
ring 72 is disposed between ring 70 and flywheel 54 such 
that there is no direct contact between ring 70 and fly- 
wheel 54. As such, ring 70 is free to oscillate or resonate 
independent of flywheel 54. Additionally, elastomer ring 
72 is preferably constructed such that ring 70, with elas- 
tomer ring 72 attached thereto, is press fit to flywheel 54. 
Ridge 62 is constructed such that a ring gear 74, having a 
plurality of teeth 76, may be attached thereto or formed 
integrally therewith. Ring gear 74 is constructed to en- 
gage a starter gear of a starter (not shown) to facilitate 
electronic starting of an engine attached thereto. 

[0021] a partial cross-section of flywheel assembly 52 is shown 
in Fig. 3. A crankshaft 78 attached to engine 12 passes 
through opening 64 of flywheel assembly 52. Crankshaft 
78 has a tapered section 80 and a threaded section 82. 
Tapered section 80 of crankshaft 78 engages a tapered 
section 84 of flywheel 54. A nut 86 engages threaded sec- 
tion 82 of crankshaft 78 and contacts a seat 88 of fly- 
wheel 54 formed in opening 64, thereby compressing ta- 



pered section 82 of flywheel 54 with the tapered section 
80 of crankshaft 78. A key 89, shown in phantom, is dis- 
posed between flywheel 54 and crankshaft 78 and pre- 
vents rotation of flywheel 54 relative to crankshaft 78. 
Such a construction maintains a secure engagement be- 
tween flywheel 54 and crankshaft 78 and ensures that the 
flywheel is rotationally centered about the crankshaft. The 
tapered and keyed engagement between the flywheel and 
the crankshaft is shown merely by way of example and in 
no way limits the scope of the claims herein. Alternatively, 
the flywheel could be attached to the crankshaft by a sin- 
gle bolt threaded into a threaded opening in the center of 
the crankshaft or by a plurality of bolts constructed to en- 
gage a plate attached to the crankshaft. 
[0022] a pair of lips 90 is formed on outer diameter 60 of fly- 
wheel 54 with a groove 92 formed therebetween. Elas- 
tomer ring 72 is positioned about outer diameter 60 of 
flywheel 54 such that it is disposed between lips 90 and in 
groove 92. Ring 70 is attached to flywheel 54 with elas- 
tomer ring 72 disposed therebetween. Elastomer ring 72 
is thermally bonded to ring 70 with the resulting sub- 
assembly then being press-fit to flywheel 54. Such a con- 
struction isolates ring 70 from direct contact with flywheel 



54 and thereby allows ring 70 to resonate independently 
of flywheel 54. 

[0023] Rj n g 70 has a cross-section 94 that is generally rectangu- 
lar in shape with a pair of longer sides 96 extending gen- 
erally parallel to axis 66 of the flywheel 54. Similarly, 
elastomer ring 72 has a cross-section 98 that is also gen- 
erally rectangular in shape with a pair of longer sides 100 
generally parallel to longer sides 96 of cross-section 94 of 
ring 70. Such a construction provides for a secure con- 
nection between ring 70 and flywheel 54 without the use 
of additional fasteners. 

[0024] Flywheel assembly 52 is attached to crankshaft 78 of en- 
gine 12 such that lower surface 58 of flywheel 54 faces 
engine 12 attached thereto. Generally, each of the respec- 
tive cylinders of an engine operates much the same way. 
Therefore, although the present invention will be dis- 
cussed only in reference to one cylinder, it is understood 
that the operation shares much the same relation to each 
cylinder of the engine. Combustion in a combustion 
chamber of engine 12 forces a piston and connecting rod 
located therein to move and rotate crankshaft 78 of en- 
gine 12. Crankshaft 78 rotates flywheel assembly 52 as 
the piston travels through a power stoke from approxi- 



mately top dead center to bottom dead center in the com- 
bustion chamber. The momentum of flywheel assembly 52 
provides a portion of the rotational force required to ro- 
tate crankshaft 78 through the compression stroke of the 
piston. As engine 12 operates, crankshaft 78 is repeatedly 
subjected to torsional loading during the combustion 
stroke and torsional unloading during the compression 
stroke. 

[0025] The torsional loading and unloading of the crankshaft oc- 
curs at various frequencies. When this frequency reaches a 
natural resonant frequency of the engine components, the 
entire engine can vibrate, sometimes quite extensively. 
This vibration can also result in noise during operation 
and, if not addressed, can result in premature failure of 
the engine components. Ring 70 is designed to resonate 
at a frequency that counteracts the natural torsional fre- 
quency of the crankshaft, the flywheel, and other moving 
components of the engine. 

[0026] | n accordance with the invention, as crankshaft 78 rotates 
and approaches the natural torsional resonance of engine 
12, ring 70 resonates at a frequency that is at a substan- 
tially equivalent frequency. Motion of ring 70 consumes a 
portion of the resonant vibration energy of the crankshaft 



and flywheel. The vibration of ring 70 substantially re- 
duces the amplitude of the vibration of the crankshaft and 
flywheel assembly at its resonant frequency. As such, an 
engine equipped with the flywheel assembly of the 
present invention minimizes noise and vibration associ- 
ated with torsional resonance of the crankshaft and fly- 
wheel. 

[0027] Therefore, in accordance with one embodiment of the 

present invention, a flywheel assembly has a flywheel hav- 
ing a hub and an outer diameter and is constructed to be 
attached to an engine. A first ring is attached to the fly- 
wheel about the outer diameter. A second ring is attached 
to the first ring and is formed of a material that is differ- 
ent from that of the first ring. 

[0028] | n accordance with another embodiment of the present in- 
vention, a flywheel assembly has a ring having an inner 
surface, a flywheel having an outer surface, and an elas- 
tomer ring. The elastomer ring has a first side attached to 
the flywheel and a second side attached to the ring, 
thereby separating the ring from the flywheel. 

[0029] | n accordance with a further embodiment of the present 
invention, a flywheel assembly has a ring having an inner 
diameter and a flywheel having an outer diameter that 



passes through the ring. A flexible membrane is disposed 
between the ring and the flywheel and is constructed to 
prevent contact therebetween. 

[0030] | n accordance with yet another embodiment of the present 
invention, a method of offsetting natural resonance in an 
internal combustion engine includes the steps of deter- 
mining a natural resonance of an internal combustion en- 
gine, designing a flywheel component with a natural reso- 
nance to offset the natural resonance of the internal com- 
bustion engine, and assembling the flywheel component 
to the internal combustion engine. 

[0031] while the present invention is shown as being incorpo- 
rated into an outboard motor, the present invention is 
equally applicable with many other applications, some of 
which include inboard motors, snowmobiles, personal wa- 
tercrafts, all-terrain vehicles (ATVs), motorcycles, 
mopeds, lawn and garden equipment, generators, etc. 

[0032] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



